This study examines groundwater samples from four areas under different conditions. Variations amongst the areas are due to the distinct topography, demographics, and socio-economic activities. A qualification of the groundwater using the following parameters; pH, electric conductivity and nitrate analysis yielded results depicting the deplorable state of the unconfined aquifer; which is even worst in the densely populated and low-lying areas. These unfavorable conditions are present in the older districts (Bependa and Ndogbong) compared to the younger and least populated (urbanized) districts (Ndogpassi and Logpom). The poor quality of groundwater could be due to contamination by sewage from latrines and surface discharges. Nevertheless, nitrate contents (>241 mg/l) in these districts indicate that pollution has not reached the alarming levels observed in other West African cities (nitrates > 400 mg/l). Relatively low concentrations of nitrate in groundwater of the studied areas could be due to volatilization phenomena common in the unconfined aquifers in Douala. We however remarked that most of the studied wells are not used as drinking water, because they present particular health risks to humans.
Introduction
In recent decades it has become evident in many countries that groundwater is How to cite this paper: Ketchemen-Tandia, B., Boum-Nkot, S.N., Ebondji, S.R., Nlend, B.Y., Emvoutou, H. and Nzegue, O. (2017) Factors Influencing the Shallow Groundwater Quality in Four Districts with Different Characteristics in Urban Area (Dou-plying water to the households of very low income population in Douala City [18] . The reason for the proliferation of wells is the incapacity of the national water company (CAMWATER) to supply enough drinking water to the population. In fact, with less than 70,000 subscribers over a target population of 3 million, CAMWATER covers the needs of < 30% of the population. The rest of the population gets water directly from springs, traditional wells or boreholes, found allover without information on the water quality. As a result the population suffers from many waterborne diseases with cholera being the most frequent that killed many people in 2004 [18] . Currently, there is a lack of information and understanding of 3 
NO
− input and its effect on the groundwater quality and the health of the ecosystem health within the densely populated areas of Douala, Cameroon. Few studies have been carried out [19] - [24] and established the level of nitrate concentration in shallow groundwater is up to 160 mg/l. These studies show the nitrate to be of anthropogenic origins. In this paper four districts (urban areas) with different characteristics are examined. The quality of the shallow groundwater is presumed to be significantly different in the four areas due to the different demographic and socioeconomic characteristics. The main aim of this research work is to apply hydrochemistry and statistical analysis to identify the factors responsible for nitrate contamination in the groundwater in the selected areas in the economic capital of Cameroon. This study is the first to be conducted in an urban environment in the tropical humid area with such a high dynamic charging.
Study Area
Investigations were carried out in the Bependa, Logpom, Ndogpassi and Ndogbong districts. These settlements are located in the Douala (Littoral region), economic capital of Cameroon, located between latitudes 3˚N -5˚N and 9˚30'E -11˚42'E extending to the coastal areas of the South-West Cameroon (Figure 1 ).
The Douala metropolitan area alone has a population of 3 million, estimated to be 10% of Cameroon's population i.e. about 20% of the urbanized population of the country. Douala harbors almost 80 percent of Cameroon industries [25] , and because of its nature and diverse economic activity, it is the fastest growing area in the country. Demographic projections suggest this upward trend will continue for some time. The average annual rate of population growth is estimated at 5% over the last 30 years, which is well above the national rate of 2.8% [26] . Waste water and solid waste management practices in the area are grossly inadequate (or nonexistent) and services are misused, resulting in environmental degradation similar to other such settlements in the country and in the world (e.g. Buyo in South-west of Cote d'Ivoire, Ilorin the capital of Kwara State in Nigeria, Dharavi in Bombe and Barrio San Jorge in Buenos Aires). In Douala, sanitary facilities [septic tanks] are largely financed by private households, while public sanitation is marginal or absent. The common mode of wastewater disposal in the city of Douala is still through hand dug latrines (pit toilets). About Journal of Geoscience and Environment Protection 25% of the population uses the latter to dispose of excrement in the Douala area [27] . Collective sanitation is found only in a few well-structured districts is non-functional due to lack of implementation/maintenance of the operating system. The operation of these facilities was not well studied to assure perfect functionality and durability of structures. Open dumping is a major form of solid waste disposal in this area and in some cases human excrement which contains pathogens.
A piped-borne water system exists in the area, but because of the high costs imposed by the private owners, it serves only a small percentage of the population.
Generally, Douala is low lying with a height of 60 m above sea level. The Wouri and the Dibamba rivers constitute the drainage system in the entire Douala metropolitan city and they flow all year round. The Wouri flows through Akwa, Bonaberi (in the west part of the town) and part of the Bassa (eastern part of Douala) while the Dibamba flows through the eastern outskirt of the town.
These rivers are fed by many tributary streams that are normally laden with solid and liquid wastes from industries, households and open garbage dumps. Human activities within the river catchments range from subsistence farming through rural settlements to larger cities hosting a variety of industries (e.g. Fertilizer, palm oil mill, cement, ceramics, gas, salt, metal work, soap, textiles, metallurgy, chemicals, brewery, glass, boat and ship yards).
The four districts selected for this study to characterize the unconfined shallow groundwater, is based on the demographic and social-economic differences: 1) Bependa is located in the western part of Douala City, to the eastern shore of . It is one of the lowest lying areas of the Douala city (~15 m). The area, though mainly residential, has many low-income economic activities for the residents. These are low-income jobs ranging from selling cooked food in markets through street hawking to retail shops. More than 30 years ago this area was used as the only garbage dump of Douala city.
2) The morphology of the Ndogbong area is made by plateaus (52 m Figure 2 . Chrono-stratigraphic column of the Douala basin and major aquifer units (adapted from Regnoult, 1986; Manga, 2008) .
Geology and Hydrogeology
and gravel with intercalation of silt and clay in varied proportions. The alluvium is composed predominantly of quartz and kaolinite [32] , with a general thickness that ranges between 50 -60 m [33] .
The shallow unconfined groundwater of Douala is characterized by a porous vadose zone. Additionally, the topography of the area is such that flooding is a common occurrence following heavy rainfall.
As a result of low altitude, the aquifer in the area is very vulnerable to contamination. The quick response to rainfall implies rapid recharge through a highly permeable vadose zone.
The shallow aquifer (Mio-Pliocene sands and Quaternary alluvium of unknown boundaries) is a multi-layered system with unconfined and confined groundwater which is mainly fed by precipitation [34] . Waste water from drainage channels also infiltrate into this aquifer. The lateral lithological variations in this aquifer make it very complex. Several lenses of channel-filled sands, intercalated in clay layers, occur within the main aquifer, acting as a perched aquifer. Many streams drain the area and may also be recharged by the aquifer during the dry season. Average groundwater level fluctuation ranges between 0.3 m and 1.60 m, respectively during dry and wet seasons in the unconfined shallow aquifer where hand dug wells have been sampled in the study area. This aquifer records water levels of approximately 1 -20 m and is highly exploited by locally hand dug wells.
Analysis Procedure
Water samples from 79 selected wells were collected during the dry season of February 2012, from the selected districts of Douala, as follows: Bependa (13), Ndogbong (21), Ndogpassi (20) and Logpom (25) . Locations (longitude and latitude) and altitudes of selected sample sites were determined on the field using a Garmin GPS. Physico-chemical parameters like electric conductivity (EC), pH and temperature were measured in situ with a WTW 330i HACH multi-parameter. The depth of the water table was also determined in situ during the sampling. All the samples were filtered on site through a 0.45 µm syringe filter and poured into two 125-ml-capacity plastic bottles (for anions and cations) after rinsing with the sample and preserved airtight to avoid evaporation. The cations samples were acidified to a pH of <2 with ultra-pure nitric acid. After the sampling, water was immediately transported under low temperature conditions in ice box and stored at 4˚C until analysis was done at the hydrochemistry laboratory of the Cheik Anta Diop University, Dakar (Senegal Table 1 is a display of the chemical constituents (pH, EC, nitrate and major ion concentrations) of groundwater samples.
Results and Discussion

Physico-Chemical Parameters
Depth
Amongst the natural factors, the depth of the groundwater is very important because groundwater can be found at a reasonable depth where the infiltration of contaminants is more or less difficult [38] . Another factor which can influence contamination is permeability of the soil.
In Figure 3 significant differences amongst the studied districts can be ob- The correlative analyses between Electrical conductivity (EC) and Depth did not show any influence of the groundwater level to the groundwater mineralization except for Logpom (Figure 4 ) which shows a negative trend between EC and Depth. This means that the deeper wells in this district which are characterized by less density of population are less contaminated.
pH
There is no significant difference between the four settlements regarding pH.
The values range from 3.5 to 7.2 (Table 1) , most samples are either acidic or slightly neutral. The Bependa district presents a wider range of pH-values ( Figure 5 ) and the most acidic sample being BE 12 (pH = 3.5) while Logpom pH-value distribution is narrow (4.6 -5.3) and relatively close to the input function (5.5 -5.8) [23] . [24] showed that the acidity of groundwater in Quaternary alluvium of Douala may have resulted from origins such as; acid rain, coastal atmospheric deposition, anthropogenic activities and cation exchange from marine sodium with Figure 6 is a display of the EC which gives the total ion content of water samples [39] . It shows a higher and wider range (332 -1646 µS/cm) in Bependa than in Ndogbong (103 -483 µS/cm), Logpom (42 -250 µS/cm) and Ndogpassi (2 -57.5 µS/cm). Based on the depths of the groundwater, the wide distribution of pH and the high EC, Bependa can be considered the most vulnerable area, which could also be due to the relativity high population density.
Electrical Conductivity
Major Ions and Water Type
The major cations and anions make up the bulk of groundwater quality [40] , and it is widely known that the major ions dissolved in groundwater could have originated from one of three sources: juvenile rainwater, water-soil and water-rock interactions and anthropogenic influences [41] .
The 
Nitrate Contamination in Groundwater
Nitrate is an important environmental pollutant, derived from atmospheric precipitation, agricultural fertilizers, human and animal excrement, biological decomposition and nitrification of organic N and NH 4 [51] . Anion chemistry In Ndogbong (population density 25 -150 hts/hectare), the mean nitrate value is 59.6 mg/l. Though the values obtained for 47.6% of the water samples are relatively low, they are still higher than the contamination limit recommended by WHO and ANOR. In Ndogpassi district with similar population density as Ndogbong, nitrate concentrations are lower. However, two samples exceed the MCL recommended by WHO and ANOR. The difference between the nitrate concentrations in the both districts ( Figure 8 ) could be related to their age. It has been proven that the older district have nitrate values higher than the youngest districts.
Logpom presents the lowest nitrate concentration levels (average = 8.2 mg/l with a minimum = 0.6 mg/l and maximum = 27 mg/l) which can also be linked to both the low population density, and the fact that it is the youngest district compared to others in this study.
Finally, sewage and urban runoffs are sources of nitrogen in the densely populated areas of Douala. Nitrate concentrations above the World Health Organization's Maximum Contaminant Level of 50 mg/l [52] are relatively common in some regions, especially in the emerging countries [56] . [23] observed that the average values and range were highest for shallow hand-dug wells and lowest for boreholes. This is because the water table for the commonly found hand-dug wells is shallow and hence more susceptible to the potential sources of
[57] indicated that the depth of a well is an important determinant of nitrate contamination. [58] observed significantly high amounts of nitrates in the first 20 m of the aquifers but decreases with depth, in the Banana plantations of Penja-Tiko (~70 km north of Douala) and Mount the Cameroon area (SW of Cameroon). Because the wells in Bepanda are very shallow, we have plotted Nitrates versus depths only for Logpom and Ndogpassi wells which are relatively deeper compared to the other investigated areas.
The trend in Figure 9 (a) shows that nitrates concentration increases with decrease in the depth in Logpom (R = 0.5). The frequency clearly indicates the type of nitrate in most of the analyzed groundwater samples are of superficial origin (anthropogenic). However, trends in Ndogpassi samples yielded increase nitrate concentrations with the depth from 0 to 9 m (Figure 9(b) ). This trend can be explained by poor maintenance of the wells and/or total lack of cleaning. High and chloride concentrations in groundwater is observed [60] . In complex urban setting, particularly which subjected to industrial contamination, such correlations may be masked [61] . This phenomenon is observed with Bependa samples which form a cluster and/or low correlation between nitrates and chlorides (R = 0.58) (Figure 10(c) ). High levels of chlorides and nitrates are detected; which may indicate that organic matter is a major source of contamination for the Bependa aquifer [62] . The probably origin of the organic matter could be the municipal garbage landfill that existed in this neighborhood about 30 years ago. The results also indicate a possible leaching of nitrogen soil by leachate and the infiltration into the groundwater (unconfined aquifer). 15 -262 ). This can be linked to the presence of human excrement in the water [56] . Indeed, the nitrogen in human excrement is relatively higher than the chloride.
Leaching of the waste in landfills and infiltration can thus contribute in raising the ratio of the two ions in groundwater [61] .
Health Risks Related to the Use of Contaminated Groundwater
It is recognized that freshwater can be contaminated through anthropogenic activities [66] , rapid industrialization, human population explosion, poor sanitary facilities and indiscriminate defecation, inadequate sewage and waste disposal.
Common drinking water problems include exposure to toxic inorganic sub- (Table 1) .
Conclusion
The study of factors influencing water quality in four districts revealed that Logpom, the youngest of the four districts with lower population density is in a better situation in terms of natural characteristics and the anthropogenic effects that influence water quality; and because the water table is amongst the deepest in Douala. The nitrate concentration in the groundwater is still relatively low compared to other districts in West Africa because of the ammoniac volatiliza-Journal of Geoscience and Environment Protection tion. Finally, based on this research, it is recommended that control of waste disposal by regulatory bodies should be enforced and recycling of industrial effluents should be done to reduce the flow into the groundwater systems.
